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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an improved recording 
medium in which a hologram shows desirable properties by 
including a fixing step to subject the recording medium to fixing 
after irradiation of light so as to allow the residual 
photopolymerizable component to react, 

SOLUTION: A data image is stored to an optical medium 14 by 
the interference of coded signal beams 20 and reference beams 
22. A hologram is produced by the interference, and the 
hologram is trapped in the medium as a pattern of variable 
refractive indices. While irradiating a matrix of the medium with 
light, one or more photopolymerizable components are 
polymerized, and then after irradiation, the medium is fixed to 
obtain the permanent hologram. By this method, different from 
a conventional medium containing a perforated matrix, Bragg 
detune caused during forming the hologram or Bragg detune due 
to the temp, change are small so that the life on the recording 
face of the recorded hologram or fidelity of recording can be 
improved. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by tbe use of tbis translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be tr2inslated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) The optical exposure step which is the step which carries out the optical exposure of the field 
where the record medium (14) which consists of a rigid matrix which has the pore which interconnected was 
chosen, consists of image-formation systems which said pore of said matrix becomes from the component in 
which one or more photopoljmierization is possible, and brings about the polymerization of the component 
in which said one or more photopolymerization is possible so that said optical exposure may be formed 
without solvent processing of the hologram which can be read; 

(b) The holography process characterized by consisting of a fixation step which performs fixation 
processing to said record medium after said optical exposure, and; in order to make the component which 
remains, and which can be photopolymerized react. 

[Claim 2] The process of claim 1 characterized by said matrix consisting of pore which has about 10-50 
percent by volume abbreviation, and which interconnected. 

[Claim 3] The process of claim 1 that said matrix which consists of said image formation systems is 
characterized by showing low light scattering before and after said optical exposure. 
[Claim 4] the area of the front face of said matrix — at least — 6.4516cm2 it is — process of claim 1 
characterized by things. 

[Claim 5] The process of claim 1 characterized by said matrix having the thickness of at least 200 
micrometers. 

[Claim 6] The process of claim 5 characterized by said matrix having the thickness of at least 500 
micrometers. 

[Claim 7] The process of claim 1 characterized by the component in which at least one photopolymerization 
is possible being a component of an acrylate system. 

[Claim 8] The process of claim 7 characterized by the component which can photopolymerize said acrylate 
system consisting of a basic component of a polyether. 

[Claim 9] The process of claim 8 characterized by the component which can photopolymerize said acrylate 
system consisting of Fori (ethylene glycol) oligomer diacrylate. 

[Claim 1 0] The process of claim 9 that said image formation system is further characterized by consisting of 
a JI (ethylene glycol) ethyl ether acrylate monomer. 

[Claim 11] The process of claim 1 characterized by forming a multiplex hologram of said optical exposure. 
[Claim 1 2] The process of claim 1 characterized by performing said fixation step by flood curing. 
[Claim 13] (A) The record medium characterized by what the polymerization of the component in which 
said one or more photopolymerization is possible is brought about for so that it may be the rigid matrix 
which has the pore which interconnected, it may consist of rigid-matrix; which consists of image formation 
systems which said pore of said matrix becomes from the component in which one or more 
photopolymerization is possible and the hologram which can be read may be formed without solvent 
processing at the time of the optical exposure of said matrix (14). 

[Claim 14] The medium of claim 13 characterized by said matrix consisting of pore which has about 10-50 
percent by volume abbreviation, and which interconnected. 

[Claim 15] The medium of claim 13 characterized by performing the fixation step which performs fixation 
processing in order to form being lasting and the hologram which can be read after said optical exposure. 
[Claim 1 6] The medium of claim 1 5 characterized by performing said fixation step by flood curing. 
[Claim 17] The medium of claim 13 by which said matrix is characterized by showing low light scattering 
before and after said optical exposure. 

[Claim 18] the area of the front face of said matrix — at least — 6.4516cm2 it is ~ medium of claim 13 
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characterized by things. 

[Claim 19] The medium of claim 13 characterized by said matrix having the thickness of at least 200 
micrometers. 

[Claim 20] The medixmi of claim 19 characterized by said matrix having the thickness of at least 500 
micrometers. 

[Claim 21] The mediiun of claim 1 3 characterized by the component in which at least one 
photopolymerization is possible being a component of an acrylate system. 

[Claim 22] The medium of claim 21 characterized by the component which can photopolymerize said 
acrylate system consisting of a basic component of a polyether. 

[Claim 23] The medium of claim 22 characterized by the component which can photopolymerize said 
acrylate system consisting of Fori (ethylene glycol) oligomer diacrylate. 

[Claim 24] The medium of claim 23 by which said image formation system is further characterized by 
consisting of a JI (ethylene glycol) ethyl ether acrylate monomer. 

[Claim 25] said medium — further ~ (B) — the medium of claim 1 3 characterized by what it consists of the 
1st sheet and 2nd sheet; which are located on the 1st front face of said matrix, and the 2nd front face, 
respectively, and said 1st and 2nd sheets are formed for from the ingredient chosen from from among glass 
and plastics. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About a holography record medium, in detail, this invention is used for a 
holography storage system, and relates to a useful medium, an optical filter, or a medium useful as a 
component like beam ******. 
[0002] 

[Description of the Prior Art] In development of an information storage device and an approach, buildup of 
storage capacity is always searched for. As an end of this development, the so-called storage system, 
especially so-called holography system of a page method have been suggested as what is replaced with the 
conventional storage. The storage system of a page method is accompanied by storage and read-out of 
display ** in the page of data. Generally, it is the two-dimensional array (array) of the area where record 
light is dark and transparent. It passes and memorizes to a three dimension in a storage as a pattern which 
has the refractive index from which a holography system changes the holography display of these pages. 
[0003] About a holography system, it is reference (D.Psaltis et al. and "HolographicMemories" Scientific 
American and November 1995). It is stated roughly. One of the holography store methods is phase 
correlation multiplex holography, and it is an United States patent (U. S.Patent No.5,7 19,691 issued 
February 17, 1998) about this. It is stated. 

[0004] Drawing 1 shows the basic component of the holography system 10. A system 10 has a modulator 
12, an optical recording medium 14, and a sensor 16. If a modulator 12 is equipment which can display data 
by two-dimensional optically, what kind of equipment is sufficient as it. A modulator 12 is the space optical 
modulator generally attached in the encoder which carries out the coding input of the data at a modulator. 
Based on coding, a modulator 12 makes pass it selectively or prevents the signal beam 20 which passes a 
modulator 12. 

[0005] Thus, the signal beam 20 is encoded by the data image. A data image is memorized by making the 
encoded signal beam interfere with a reference beam 22 in the part of the optical storage 14 top or the 
interior. An interference pattern (or hologram) is generated by this interference, and this hologram is 
captured in a medium 14 as a pattern of a refractive index which changes, for example. 
[0006] It is possible by changing the include angle of a reference beam 22, wavelength, or a phase to 
memorize a part of to memorize two or more holography images (hologram) to one place and/or two or 
more holograms in the overlapping locations. In that case, it depends on each reference beam [ which is 
changed ] to be used. Generally, the signal beam 20 passes a lens 30, before intersecting a reference beam 
22 within a medium 14. A reference beam 22 can pass a lens 32 before this decussation. 
[0007] If data are memorized in a medium 14, this data can be taken out by making a reference beam 22 
intersect a medium 1 4 with the same include angle as the time of a reference beam 22 being turned at the 
time of a data storage, wavelength, or a phase (based on the used multiplex system). 
[0008] The reconstructed data pass a lens 34 and are detected by the sensor 16. A sensor 16 is charge 
coupled devices or an active pixel sensor. Generally a sensor 16 is attached in the equipment which decrypts 
data. It is possible to use a volume hologram as the passive optical element device, for example, the optical 
filter, or beam ****** for controlling or changing the light turned to a medium. 

[0009] The capacity of such a hologram storage system receives constraint with a storage selectively. The 
Hthium niobate which carried out impurity addition of the iron has been used as a storage for the purpose of 
the research between many years. However, lithium niobate is expensive and its sensibility is bad (1 J/cm2). 
Refractive-index contrast (comparison value) shows a destructive read-out property comparatively low 
(deltan is about 10-4) (namely, an image is destroyed at the time of read-out). Therefore, another medium 
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has been .called for especially in the field of a photosensitive polymer film. 

[0010] About this, it is reference (Selected Papers on Holographic Recording, HJ.Bjelkagen, ed., SPIE 
Press, and Vol. MS 130 (1996)). Please refer to. The ingredient stated to these collected works is an image 
formation system (photoimageable system) which has a liquid monomer ingredient (optical activity 
(photoactive) monomer) and a photopolymerization initiator (photoinitiator) (the polymerization of a 
monomer is promoted at the time of exposure) generally. It contains and an image formation system is 
located in exposure inside a quite inactive organic polymer host matrix (host base material) in this case. 
[001 1] In case information is written in into a medium by exposure by optical exposure in the selected area, 
the monomer of the exposed area carries out a polymerization. By lowering of the monomer concentration 
produced by having brought about the polymerization, a monomer is spread to the field exposed from the 
unexposed area where a medium ingredient is dark. From a polymerization and the concentration gradient as 
the result, change of a refractive index arises and the hologram showing data is formed. 
[0012] Generally, an image formation system receives fixation processing firom it by flood curing exposure 
(flood light is used), and the photosensitivity which remains in a medium is destroyed (please refer to 
reference ("Organic Photochemical Refi-active Index Image Recording Systems" in"Advanced in 
Photochemistry, "Vol.12, and John Wiley &Sons (1980)) about the fiirther description of a recording 
mechanism). 

[0013] This kind of most holography systems are acrylate ester (acrylate esters). Photopolymerization of a 
fi-ee radical (free-radical) light activity monomer [ like ] (photopolymerization) It is based. For example, 
United States patent application (U. S.patent application serial no.08/698,142) Please refer to. 
[0014] Although a result with these optical usefiil polymer systems is obtained, a dimension changes with 
the contraction produced by the polymerization of an optical activity monomer. Change of a dimension is 
produced also by thermal expansion (the general coefficients of linear thermal expansion of these optical 
polymer systems are about 100 - about 300 ppm[/degree ] C). Although these dimensional changes are 
small, the recorded holography diffi-action grating will be made distorted, the fidelity of data playback will 
deteriorate, and the data density which can support a polymer by that cause will be restrained. 
[0015] (One of the concrete troubles produced in a dimensional change is Bragg detuning (Bragg detuning), 
and this is a gap of the bragg angle of a plane wave volume holography diffraction grating.) Generally, the 
magnitude of Bragg detuning becomes settled with extent of the revolution which must rotate a reference 
beam firom the original record location, in order to acquire the maximum diffraction efficiency from a 
hologram. 

[0016] The experiment by the perforated glass matrix (base material) containing an image formation system 
has been conducted as a result of the attempt for conquering these dimensional changes. For example, please 
refer to an United States patent (U. S.Patents Nos.4,842,968 and 4,187,1 1 1) and the following reference. 
[0017] (Reference name:) [ V.I.Sukhanov et ] al. and "Sol-Gel Porous Glass as Holographic Medium 
and" [Joumal of Sol-Gel Science and Technology] and Vol.8, 1111; (1 997) S. A.Kuchinskii and "Principles 
of hologram formation in capillary composites", [Opt.Spectrosc], Vol.72, No.3, and 383 (1993); 
S.A.Kuchinskii, "The Principles of Hologram Formation in Capillary Composites", [Laser Physics], Vol.3, 
No.6, and 1114; (1993) 

[0018] It Sukhanov(s). reference name (**): ~ V.I. - "Heterogeneous recording media and" [Three- 
Dimensional Holography: Science, Culture and Education], SPIE Vol.1238 and 226 (1989); V.I.Sukhanov, 
"Porous glass as a storage medium and" [Optica Applicata], Vol.XXIV and No. 1-2, 13; (1994) 
andJ.E.Ludman et al. and "Very thick holographic nonspatial filtering of laser beams", [OptEng,], Vol.36, 
No.6, and 1700(1997) 

[0019] For example. United States patent (U. S.Patent No.4,842,968) The process which a perforated glass 
matrix is then dipped into an image formation system, and an image formation system diffuses into the pore 
of the open condition of a matrix by this is indicated. In this case, it is unexposed [ of an image formation 
system ] after exposure, namely, the part by which a polymerization is not carried out must be removed from 
pore using a solvent. Another ingredient with which the refractive-index contrast to desire is generally 
acquired is introduced in the vacant pore. After passing through these steps, the hologram which can be read 
is formed for the first time. 

[0020] (Although the first exposure step had contributed to formation of the latent image inside the medium 
based on such a conventional matrix, this latent image was not able to be read in un-destroying with the light 
of the same wavelength as what was used at the time of record processing.) That is, a reference beam was 
not able to be used for read-out. Therefore, it was not considered that the hologram was formed. In this 
description, the pattern which can be read in un-destroying is expressed in the light of the same wavelength 
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as what was used at the time of record processing as "the hologram which can be read". 
[0021] although the medium of the thickness which desirable rigidity and the integrity in a structure side are 
acquired, and is comparatively thick, for example, exceeds 1mm is formed in a glass matrix ~ the above- 
mentioned United States patent (U. S.Patent No.4,842,968) **** ~ it is described that the record medium 
based on such a matrix has faults various by the practical aspect. 

[0022] in order to carry out reading appearance and to specifically obtain a possible hologram, it is 
necessary to perform the complicated chemical treatment which used the solvent and to remove having 
existing reacted or unreacted ****** after exposure These chemical treatments tend to produce in an 
ingredient the non-homogeneity which is not desirable from Men of commercial convenience the top which 
is not desirable. 

[0023] Furthermore, the conventional research on a perforated glass matrix had put the focus on record of a 
single hologram generally, and did not prove it about possibility of recording a multiplex hologram 
(multiple holograms) again, for example, the conventional research did not show extent of sometimes 
produced Bragg detuning which carries out reading appearance of the recorded multiplex hologram. 
[0024] 

[Problem(s) to be Solved by the Invention] Therefore, extent in which it is possible, the amelioration in the 
holography ingredient based on a rigid matrix, for example, allowance, is expected development of the 
medium which can memorize the multiplex hologram which does not require any chemical treatments after 
an exposure as an important point small [ Bragg detuning level ]. 
[0025] 

[Means for Solving the Problem] This invention offers the amelioration record medium which has a rigid 
perforation matrix (base material) containing an image formation system. Unlike the conventional medium 
including a perforated matrix, according to this invention, the hologram which can be read can be formed in 
a medium, without needing the solvent processing step following information writing. It does not have a 
small deer very much that the usefiilness of a hologram which did not pass over Bragg detuning produced by 
the polymerization and/or diffusion at the time of formation of the hologram according to individual on very 
small level, for example, was recorded previously changes because of the rigidity of a matrix. 
[0026] Bragg detuning brought about from temperature fluctuation caimot but be the level of a very small 
value similarly. An improvement of the life in the recording surface of the recorded hologram, an 
improvement of the fidelity of read-out, and the improvement of an optical element device like beam 
****** are obtained by this. 

[0027] In addition, the matrix containing an image formation system has low light scattering generally 
shown before hologram formation and as the list after formation in the fixation step following this. Since a 
noise arises at the time of read-out and the fidelity of data playback is reduced by the scattered light at it, it 
is not desirable, but if light scattering is low, the level of this noise will decrease. 

[0028] In addition, it means that the matrix to which "rigidity" has an image formation system in the pore 
shows the Bragg gap absolute value (absolute Bragg shift) of less than 0.1 degrees about all the less than 25- 
degree plane wave diffraction gratings that have a diffraction-grating tilt angle absolutely. Measurement of a 
gap records a weak hologram (less than 0.01% of diffraction efficiency) on the medium of a null, and is 
performed by measuring the relative revolution by a hologram's [ as opposed to / extinguish all mostly and / 
the original record location ] bragg angle of the group who remains in an image formation system and in 
whom a polymerization is possible. 

[0029] The configuration of the experiment used for measurement of the Bragg gap by this method is 
reference (L.Dharet al., "Temperature-induced changes in photopolymer volume holograms" [Applied 
Physics Letters], Vol.73, No, 10, and 1337 (1998)). It is indicated. A diffraction-grating tilt angle is defined 
by (90-phi). In addition, the definition of phi is the same as the definition of description in the above- 
mentioned reference (L. Dhar et al.). 

[0030] "Rigidity" expresses fiirther that the absolute value of the bragg angle fluctuation accompanying a 
temperature change is under 0.006-degree[/degree ] C about all the less than 25 -degree plane wave 
diffraction gratings that have a diffraction-grating tilt angle absolutely. "Solvent processing" means physical 
or introducing [ of an image formation system ] one or more liquid reagents in a perforated matrix after 
installation of an image formation system, in order to bring about change of chemical property. 
[003 1] The Rayleigh ratio at the time of 90-degree light scattering of the wavelength used for hologram 
formation with "low light scattering" (R90deg) It expresses that it is about 7x10 to less than three. "Rayleigh 
ratio (Rtheta)" When it is the property of the conventional known and a medium is irradiated by the li^t by 
which unit strength is not polarization-ized, it is an include angle theta (theta) by unit volume. It defines as a 
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value per steradian of the energy scattered on a direction. 

[0032] About this definition, reference (M.Kerker, [The Scattering of Light and OtherElectromagnetic 
Radiation], Academic Press, 1969, 38) has description. The Rayleigh ratio (Rayleigh ratio) is obtained by 
comparison with the energy generally scattered about with the criteria ingredient which has the known 
Rayleigh ratio. 

[0033] A matrix is perforated glass which contains generally the pore (or open condition) in which about 10 
- 50 percent by volume abbreviation interconnected. A general numeric value is the pore in which about 30 
percents by volume interconnected. When pore interconnects, installation of an image formation system is 
attained over the whole ingredient of a matrix, and diffusion between pores is attained. As long as it has the 
property in which the matrix by which intemal restoration was carried out is permissible, porous level, the 
size of pore, and the thickness of a matrix can be substantially changed by the matrix material and the image 
formation system. 

[0034] The area (namely, area of a top face or an underside) of the front face of a matrix is 2 at least 
6.4516cm generally (1 square inch), and, generally the thickness of a matrix is at least 500 micrometers as at 
least 200 micrometers and an option (altemative of arbitration). 

[0035] Including one or more the component in which a polymerization is possible, for example, an optical 
activity monomer, and oligomer, these components induce an optical exposure and an image formation 
system forms a hologram. In order to make various functions perform as an option, an additive is included in 
an image formation system. These are for example, a photopolymerization initiator, a diffiision accelerator 
(diffusion agents), other additional oligomer, or a polymer ingredient. If the viscosity in an image formation 
system (coefficient of viscosity) is low, the process of pore restoration will become easy. 
[0036] The image formation system which the matrix of rigid perforated silica glass is used and is contained 
in this matrix in one example of this invention is Pori (ethylene glycol) diacrylate oligomer (poly 
(ethylenglycol) diacrylate oligomer). And JI (ethylene glycol) ethyl ether acrylate monomer (di 
(ethyleneglycol) ethyl ether acrylate monomor) It has and a photopolymerization initiator is also included. 
[0037] The matrix containing this image formation system is inserted between two slide glass, exposure 
heat-treats a front (precured) and the polymerization of a part of oligomer and/or monomer is carried out. 
this — then, in order to extinguish the component group who remains in order that a multiplex hologram may 
be written in by for example, include-angle multiplexing in a medium and may fix a hologram and in whom 
a polymerization is possible, flood curing (stabilizing treatment by flood light) is performed. 
[0038] Now, reading of a hologram becomes possible about solvent processing at ♦*****^ and Bragg 
detuning is also seen whether be slight. 

[0039] Therefore, it consists of a rigid matrix containing an image formation system by this invention, and 
solvent processing can be formed in the interior, a multiplex hologram can be formed in ******^ ^j^^ 
improved record medium as these holograms show a desirable property to is obtained. 
[0040] 

[Embodiment of the Invention] According to this invention, a record medium consists of a rigid perforation 
matrix which has the pore containing an image formation system. It does not have a small deer very much 
that the usefiilness of the hologram which does not pass over Bragg detuning produced by the 
polymerization and/or diffusion at the time of formation of the hologram according to individual on very 
small level, for example, has been recorded before changes because of the rigidity of a matrix. Bragg 
detuning brought about from temperature fluctuation cannot but be the level of a very small value similarly. 
Moreover, since light scattering which also shows the matrix containing an image formation system before 
hologram formation and as the list after formation in the fixation step following this is low, it is 
advantageous. 

[0041] A matrix contains generally the pore in which about 10-50 percent by volume abbreviation 
interconnected. A general numeric value is the pore in which about 30 percents by volume interconnected. 
When pore interconnects, installation of an image formation system is attained over the whole ingredient of 
a matrix, and diffusion between pores is attained. As long as it has the property in which the matrix by 
which intemal restoration was carried out is permissible, volume [ of pore ] %, the size of pore, and the 
thickness of a matrix can be substantially changed by the matrix material and the image formation system. 
[0042] The area (namely, area of a top face or an underside) of the front face of a matrix is 2 at least 
6.4516cm generally. Generally the thickness of a matrix is at least 500 micrometers as at least 200 
micrometers and an option. 

[0043] Generally, a matrix is perforated glass. The perforated glass suitable for this invention is reference 
(Vol[ T.Elmer, "Porous and Reconstructed Glasses, "[Engineered Materials Handbook, and ].4: Ceramics 
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and Glasses], ASM International, 427, 1992) roughly. It is stated, one of the useful matrix materials ~ 
Coming, Inc. (Coming Glass) from — glass (trade name: BAIKORU (Vycor)) which can come to hand it is . 
Other ingredients in which the porosity to desire, rigidity, and a light-scattering property are shown fit this. 
[0044] Various surface preparations and processings are possible about the front face of a matrix. Although 
it is easy to find moisture on the surface of a matrix material on the perforated glass received from the glass 
contractor, this moisture is removable by desiccation. 

[0045] And in order to prevent that moisture returns on the surface of a matrix, the front face of a matrix 
material can be made into hydrophobicity by SHIRIRESHON processing (silylation) etc. (the example of 
reference reference: E.P.Plueddemann, [Silane Coupling Agents], and Plenum Press (1991)). About other 
processings which prevent the interference to the polymerization in an image formation system, or decrease, 
it is clear to this contractor of this technical field. 

[0046] An image formation system also contains additives, such as an others and photopolymerization 
initiator, a diffusion accelerator or other additional oligomer, or a polymer ingredient, including one or more 
the component which can be photopolymerized, for example, an optical activity monomer, and oligomer. 
[ these ] If the viscosity in an image formation system is low, the process of pore restoration will become 
easy, however — while consideration should be paid to the viscosity of an image formation system ~ a main 
interest — it should set — it is an overall holography property. 

[0047] The components which can be photopolymerized are one or more the monomers and/or oligomer 
which can receive the polymerization started with light in which a hologram is formed. 
[0048] Radical reaction (free-radical reaction) The optical activity monomer which carries out a 
polymerization is suitable for this generally, and although the molecule containing acrylate, methacrylate 
(methacrylate), styrene, permutation styrene, vinyl naphthalene, permutation vinyl naphthalene, and an 
ethylene unsaturated compound like other activity vinyl derivatives is contained in this class, it is not 
restricted to this. Maleate (maleate) A pair of combination copolymerizable at a free radical like mixing with 
vinyl ether (pair system) It is suitable. 

[0049] Since the component in which this photopolymerization is possible is an acrylate system (acrylate- 
based), it is advantageous, and it is also advantageous to use a polyether as a basic component (backbone). 
As two examples of the component of such an acrylate system, there are Pori (ethylene glycol) diacrylate 
oligomer (poly (ethyleneglycol) diacrylate oligomer) and a JI (ethylene glycol) ethyl ether acrylate 
monomer (di (ethyleneglycol) ethyl ether acrylate monomer). 

[0050] It is found out that an image formation system including mixing with this oligomer and monomer is 
useful. It is low Tg by the basic component of a comparatively supple polyether. It is obtained and it is 
believed that this contributes to easy-ization of diffusion as stated above. This mixing shows again 
comparatively low viscosity, and this makes restoration of the pore of a matrix easy. It is expected that other 
oligomer and monomers which have a similar property will also be similarly useful in this invention. 
[0051] In addition to an optical activity monomer, generally, an image formation system contains a 
photopolymerization initiator. A photopolymerization initiator avoids that start the polymerization for 
photopolymerization good Yoshinari chemically, and the polymerization by light is directly needed at the 
time of a comparatively low record light of level, and the exposure through which it passes. A 
photopolymerization initiator will offer the source of the matter which generally serves as a kind which 
starts this specific polymerization for photopolymerization good Yoshinari. Generally, a desirable result will 
be obtained if 0.1 - 5% of the weight of a photopolymerization initiator is included on the basis of the 
weight of an image formation system. 

[0052] The various photopolymerization initiators known and marketed by this contractor of this technical 
field are suitable for the activity by this invention. It is advantageous if the photopolymerization initiator 
which senses the light of the visible region of an optical spectrum is used. The especially conventional 
source of laser, for example, Ar+, They are helium-Ne laser (633nm) and Kih- to the blue glow of laser 
(458,488,5 14nm) and helium-Cd laser (442nm) and green light, the green light of a frequency 2 
multiplication YAG laser (532nm), and a list. What is sensed for the red light of laser (647 and 676nm) is 
good. 

[0053] One of the advantageous things by the photopolymerization initiator of a free radical A screw (eta-5- 
2, 4-SHIKUTO pentadiene-l-root) Bis[2-6-difluoro-3-(lH-pyro 1-root) phenyl] titanium () [ bis(eta-5-2 4- 
cyclopentadien-l-yl) bis[2, ] [ 6-difluoro-3-] (1 H-pyrro-l-yl) By phenyl]titanium, it is marketed under the 
name of CGI-784 from the tiba company (Ciba Specialty Chemicals). 

[0054] The free radical and photopolymerization initiator of a color hydrogen donor system (dye-hydrogen 
donor systems) are also usable. As an example of the color for which are suitable, it is eosine (eosin), Rose 
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bengal (rose bengal), Erythrosine (erythrosine), And there is a methylene blue (methylene blue) and there is 
tertiary amine (tertiary amine) like n-methyl diethanolamine (n-methyl diethanol amine) as a suitable 
hydrogen donor. 

[0055] The optical active ingredient designed so that other additives, for example, the inactive diffusion 
accelerator which has a low comparatively high or refractive index, or refractive-index contrast might be 
improved is also usable in an image formation system. However, these additives may carry out different 
actuation by the medium of this invention in contrast with the conventional photopolymerization medium 
from the original property of a perforated matrix. It is possible to define the actual effectiveness of these 
additives by the sample for adjustment (specimen) which can be created easily. 

[0056] If based on the guide stated to this description, it is possible to create the sample for adjustment and 
to define whether the rigidity which the component in an image formation system is the combination of 
whether it has the specific property to desire, which matrix, and which image formation system, and was 
described above, and the lowness of light scattering are obtained. The factor (factor) about selection of the 
ingredient with which light scattering becomes low is shown in the example 1 of an experiment described 
below. 

[0057] It is possible to arrange an image formation system by the conventional technique into the pore of a 
matrix. Generally, a matrix is soaked in an image formation system, and it dips sufficient time so that pore 
can fully be filled up. Under the present circumstances, it is advantageous to carry out by the uniform 
method covering the whole thickness of a matrix. Roughly, pore is mostly filled up with an image formation 
system. It is important in order that fully filling up pore may maintain to the low which can permit light 
scattering. 

[0058] Since a polymerization is accompanied by contraction, if an optical exposure is carried out at the 
matrix which is not enough, isolation space or an opening will be formed and, specifically, this will bring 
about the increment in light scattering within a matrix. Moreover, the vacuum filling technique can also be 
used. In that case, after putting a matrix on the bottom of a vacuum and extracting air, a matrix is directly 
soaked in an image formation system, without putting to atmospheric pressure. The increment in a filling 
factor is expectable with such vacuum filling. Adjustment operation is easy and it is possible to define the 
suitable time amount which restoration of extent to desire takes to this, 

[0059] Generally, it is inserted between glass [ of two sheets ], or the sheet made from plastics, and the 
optical quality of the whole medium is held by this, and the matrix containing an image formation system 
can decrease inhibition by the oxygen of the polymerization on the front face of a matrix. A sheet can be 
made to hold using the equipment which has mounting (base for loading), for example, a vacuum chuck. 
These mountings can be answered and adjusted to change of the parallelism of a substrate (sheet), and/or 
spacing. 

[0060] In such equipment, the monitor of the parallelism of a substrate can be carried out in the real time 
using the usual interference utilization technique, and required adjustment can be performed in the process 
of curing. Such technique is stated to for example, United States patent application (U. S. patent application 
serial no.08/867,563). It is also possible to place a packing material between the sheets of the front face of a 
matrix, these glass, or plastics. In this case, a packing material is chosen so that desirable optical property 
like optical flat nature may be maintained. 

[0061] As an option, in order to carry out the polymerization of [ for photopolymerization good Yoshinari / 
a part of / of an image formation system ], a before curing treatment is performed. For example, when it 
measures by technique like near infrared ray spectroscopy to the image formation system which contains a 
JI (ethylene glycol) ethyl ether acrylate monomer, two parts for photopolymerization good Yoshinari, i.e., 
Pori (ethylene glycol) oligomer diacrylate, and, by the weight ratio of 3:2, before the larger part for 
photopolymerization good Yoshinari than 70% reacts (namely, polymerization), generally a curing 
treatment is performed. 

[0062] Such a before curing treatment can be carried out by an approach like a throat before, for example, 
the approach using the mercury- vapor lamp which performed suitable spectrum filter processing. 
[0063] The medium of this invention is it emd can be used for storage storing of a hologram [ as / in the 
system described above ]. Generally, fixation processing of the hologram is carried out into a medium after 
forming in a medium the hologram which can be read. In order that this fixation processing may extinguish 
any polymerization possible component groups who remain, for example, it is performed by flood curing 
(stabilizing treatment by flood light), and, thereby, being lasting and the hologram which can be read are 
formed (it means that there is almost no optical photosensitivity which remains in a medium that it is 
lasting). 
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[0064] The hologram based on this invention is a hologram formed in order to offer the passive optical 
element device which controls or changes the light turned to the hologram. As such an example of a 
holography applied optics element device, there are a beam filter, beam ****** or a beam deflection 
machine, and an optical coupler (the example of reference reference: L.Solymar and D.Cooke, [Volume 
Holography and Volume Gratings], Academic Press, and 315-327 (1981)). 

[0065] A beam filter separates the part which makes other parts and a certain specific include angles of a 
beam, and progresses by a part of incidence laser beam. The inside of a hologram is gone on, without 
deflecting the light which it is possible to diffract selectively the light in alignment with a specific incident 
angle, and specifically meets other include angles with the thick Bragg selectivity of a transmission 
hologram (the example of reference reference: J.E.Ludman et al., "Very thick holographic nonspatial 
filtering of laser beams" [Optical Engineering], Vol.36, No.6, and 1700 (1997)). 

[0066] Beam ****** is a hologram which deflects the light which carries out incidence by the bragg angle. 
Generally an optical coupler is the combination of the beam deflection machine which **** light fi-om the 
source to a t£U-get. These holography applied optics element devices are manufactured by carrying out image 
formation of a certain specific optical interference pattem into a record medium, as stated above. Since there 
is an inclination for distortion of a record medium to reduce the engine performance of an optical element 
device, according to the rigid medium of this invention, the optical element device which has a desirable 
property is obtained. 

[0067] Hereafter, this invention is fiirther solved by the example of an experiment. In addition, these 
examples of an experiment aim at instantiation. 
[0068] [Explanation about light scattering] 

(Example 1 of an experiment) From Coming, Inc. (Coming Glass), the perforated glass sample (trade name: 
BAIKORU 7930 (Vycor)) by which clarification processing was beforehand carried out in the process given 
in the product information sheet (PI-VPG -91) of the company came to hand. These samples were 
cylindrical shapes with an outline diameter [ of 1cm ], and a die length of 1 .5cm. According to product 
specification, this glass had the call pore diameter of 40A, the pore size distribution of **3A, and about 30% 
of interconnect porosity. The special means which prevent absorption of the contamination from 
surrounding atmospheric air were not taken, a sample is a hue slightly appropriate for yellow, and it was 
shown that there is some contamination absorption. 

[0069] It filled up with seven different liquids which has a refractive index over the refractive index 1,458 of 
BAIKORU as shown in a table 1 at a sample (refer to the above-mentioned reference (T.Elmer, "Porous and 
Reconstructed Glasses")). The time amount taken to fill up a sample with a liquid depended on the viscosity 
of a liquid, the wettability of the glass inner surface with a liquid, and the fiisibility of the air into a liquid, 
and it went over it from several hours on several (the fusibility of air is related because it is required for air 
to melt in a liquid in a capillary tube draft, and not to remain in internal pore volume). 
[0070] The light source for a dispersion experiment was the Ar ion laser (lambda= 488nm) of lOmW of 
incidence power. The scattered lights were collected at the include angle of 90 degrees using the 
photomultiplier tube. Since spatial fluctuation of these samples is far smaller than the wavelength of light, 
dispersion is isotropy. Means to avoid the spurious stray echo and dispersion firom a cell wall were taken. In 
order to remove the fluorescence which an impurity emits, 488nm filter was placed before ****** optical 
system. The toluene sample which carried out filtering was measured as a criteria object. Moreover, 
conversion for the absolute value of a measurement value was performed in optical strength using the 
Rayleigh ratio of known toluene, and 18.4xl0-6cm-l. 
[0071] 
[A table 1] 

A sample A refi*active index The Rayleigh ratio Were collected by optical system, (with 488nm) (cm-1) The 

fraction of the scattered light In BAIKORU 

1.338 2.43 E-03 E-3.60 05 water In BAIKORU 

1.403 4.1 lE-04 E-6.08 06 octane To the inside 

of BAIKORU 1.4299.29E-05 E-1.37 06 cyclohexane 

In BAIKORU 1.464 1.43E-04 E-2.12 06 carbon tetrachloride 

In BAIKORU 1 .499 6.61E-04 E-9.78 06 toluene 

It is 1.573 in BAIKORU. 2.50E-03 3.70E-05 benzyl benzoate 

To the inside of BAIKORU 1.669 8.56E-03 1.27E-04 phenyl 

naphthalene Toluene Unknown l,84E-05 

2,72E-07 [0072] A square mark shows the data 
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of a table 1 to drawing 2 . In addition, the following formula is sufficient as the data of a table 1, and they 
are expressed. 

R=R0(nvycor-nliquid)2+ RB — here — nvycor BAIKORU (Vycor) The adaptation value over a refractive 
index, and RO The fixed amplitude and RB It is a small background value. 

[0073] the best fit value over these parameters - nvycor =1.437 and R - 0 = 0.179 and RB =5.4x10-5 it is . 
A continuous line connects and shows the Rayleigh ratio which used and calculated these parameters to 
drawing 2 using a diamond mold mark. 
[0074] [Explanation of holography] 
(The experiment approach) 

(Image formation system) an image formation system ~ Aldrich (Aldrich) from ~ the JI (ethylene glycol) 
ethyl ether acrylate monomer which came to hand from Aldrich as well as the Fori (ethylene glycol) 
oligomer diacrylate which came to hand, and which has the average Mn of about 575 was included by the 
weight ratio 3 :2 of an oligomerrmonomer, and the visible photopolymerization initiator (trade name CGI- 
784) which came to hand from the tiba company (above) fiirther was included 1% of the weight. This image 
formation system showed the viscosity of 0.1 7P (**10%) in a shear-rate (shea rate) 100 round-trip second 
(reciprocal seconds) and 25-degreeC. 

[0075] (Sample preparation) Perforated glass is glass (trade name: BAIKORU 7930 (Vycor)) which came to 
hand from Coming, Inc. (Coming Glass), and had the call pore diameter of 40A, the pore size distribution of 
**3 A, and about 30% of interconnect porosity (based on the bill of material). Size is 

10.16cmxl0.16cmx0. 15875cm (4"x4"xl/16"), grinding of these glass sheets was carried out before etching 
of pore, and it was ground (refer to the above-mentioned reference (T.Elmer, "Porous and Reconstructed 
Glasses")). 

[0076] The glass sheet was cut by the split of about 1.016cm (0.4") angle, and was used, without performing 
clarification processing. From it, these glass pieces were dipped in the image formation system for at least 
two weeks so that nearly perfect and homogeneity might be filled up with pore covering the whole thickness 
of glass. From it, the glass piece with which it filled up was placed on the glass microscope slide, and was 
covered by the microscope covering piece. 

[0077] These media are about 10 mW/cm2 at two or more wavelength longer than 530nm from it. By 
exposure by the mercury- vapor lamp by which filtering was carried out so that light might be transmitted, 
the before curing treatment was performed to the range exceeding 70% (extent of curing was measured by 
the technique of near infrared ray spectroscopy). 

[0078] Frequency redoubling Nd according [ the light source for record ] to diode excitation: (Record by 
holography) It was that from which 532nm light is obtained by the YAG laser. Filter processing was carried 
out spatially, collimation (parallel-izing) processing of this light was carried out, and the plane wave beam 
was obtained. This light was divided by the half-wave plate and the polarization beam splitter between two 
arms of an interferometer. These divided beams crossed at the recording surface and the include angle of 44 
degrees (sample outside sxxrface). A hologram rotates a sample, carried out include-angle multiplexing and 
made it record. 

[0079] After record of a hologram, in order that a sample may extinguish the unreacted seed component (a 
part for photopolymerization good Yoshinari) which remains, the flood curing treatment of it is carried out 
with the xenon lamp by which filtering was carried out so that light might be transmitted by long wave 
length rather than 530nm. The hologram was read by recording the intensity of light diffracted and 
transmitted by the arm of another side, preventing one arm of an interference system and rotating a sample 
(the rotational angle of rotation per step was 0.003 degrees). 

[0080] The diffraction efficiency of a hologram is [0081] calculated by having taken the ratio to the sum of 
the intensity of light which the diffracted intensity of light was diffracted and was transmitted. (Example 2 
of an experiment) In order to measure a dynamic range, the include angle from -25 degrees of sample angles 
to 25 degrees and include-angle spacing of 2 degrees were used, and 26 holograms carried out include-angle 
multiplexing, and were recorded. A sample angle is defined as an include angle between a sample, the line 
which makes a right angle, and two bisectrices of a record arm (include-angle spacing between record arms 
was measured in air, and was 44 degrees). The include-angle scan (distribution according to include angle) 
of the diffraction eflHciency of these 26 holograms is shown in drawing 3 (A). 

[0082] It is the coupled wave theory of Kogelnik (H.Kogelnik, "Couple Wave Theory for Thick Hologram 
Gratings, "[The Bell System Technical Journal] Vol.48, No.9, and 2909 (1969)) about the enlarged drawing 
of a Bragg peak (Bragg peak) recorded on drawing 3 (B) at 1 degree of sample angles. Comparison with the 
best fit value to these used data shows. 
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[0083] About these data, the operating wavelength at the time of record and reading was used for the known 
refractive index of this ingredient, include-angle spacing between record arms, the sample angle, and the 
list, and adaptation-ization was performed by the formula (43) of the above-mentioned reference. In order to 
have acquired the best fit value to data, only the numeric value of the thickness of a medium was able to be 
changed. 

[0084] The dynamic range of a record ingredient was calculated from diffraction efficiency. The value 
(namely, sum of the square root of the diffraction efficiency of a multiplex hologram) of M# was plotted by 
drawing 4 as a function of the accumulation (**) exposure time (sketch plot). 

[0085] (Example 3 of an experiment) In order to measure the effective dimensional stability of a medium, 
1 5 comparatively weak holograms (that is, diffraction efficiency less than 0.1%) used the include angle from 
-28 degrees of sample angles to 28 degrees, and include-angle spacing of 4 degrees, carried out include- 
angle multiplexing, and were recorded. A continuous line shows the difference of an include-angle gap, i.e., 
the sample angle on which each hologram was recorded and the sample angle by which the maximum 
diffraction efficiency was measured about each hologram, to drawing 5 . 

[0086] The gap about the recorded hologram is in the error range of extent which can be disregarded, i.e., a 
meeisurement technique, and it was proved that the dimensional stability of this record medium was high. 
The include-angle gap expected as comparison from the ingredient in which 0.1% of longitudinal direction 
contraction and the refractive-index change by 9x10-4 of the whole are shown is expressed with a broken 
line to drawing 5 . Probably, generating of Bragg detuning and detuning of this level which this comparison 
model system shows was expected also with the glass polymer system model of this invention, supposing 
the matrix was not equipped with the rigidity which is equal to contraction of the polymerization resin in 
pore. 

[0087] (Example 4 of an experiment) In order to prepare the medium of this example of an experiment, the 
glass sheet of two 1 .1mm thickness was placed on the equipment which answers change of the parallelism 
of a sheet, and/or spacing and has movmting which can be adjusted, for example, a vacuum chuck. The 
matrix filled up with the image formation system manufactured in a process which was stated by the term of 
the experiment approach is placed among these sheets, and in that case, since the matrix with which it filled 
up is certainly carried, another image formation system is used as adhesives. 

[0088] Optical system was the same as what was used in the examples 2 and 3 of an experiment. Image 
formation is carried out through a medium again through a series of optical system of a signal arm, and a 
profile is shown in drawing 6 in the strength of the data array recorded with the detector of charge coupled 
devices. Each pixel of a data array is mapped on this of the array of a detector, and a corresponding pixel 
(map). The histogram (distribution map) of the strength of the pixel captured by the detector was plotted, 
and the profile was analyzed in strength. This histogram is shown in drawing 7 . 

[0089] (a) The detection probability of an image formation error was calculated using extent of the partial 
lap between distribution in the strength centering on the pixel which passes distribution and (b) light in the 
strength centering on the strength of the pixel which prevents light. The probability acquired as this count 
result was a value far lower (that is, far good) than the limit required in order to guarantee restoration 
(playback) without error. 

[0090] (Example 5 of an experiment) The effect of temperature to the volume hologram recorded and 
written in the medium of this invention was measured. The sample used for the experiment was 
manufactured in a process which was stated by the term of the experiment approach. In order to measure 
sample temperature to accuracy, the thermocouple of 0.0762mm (0.003") gage was attached in tiie matrix 
between before curing treatments. 

[0091] Using the include angle from -20 degrees of sample angles to 28 degrees, and include-angle spacing 
of 4 degrees, 13 weak holograms (that is, diffraction efficiency less than 0.01%) carried out include-angle 
multiplexing, and were recorded. After record of a hologram, in order that a sample may extinguish the 
unreacted seed component which remains, the flood curing treatment of it is carried out with the xenon lamp 
by which filtering was carried out so that light might be transmitted by long wave length rather than 530nm. 
The thin film heater was able to be attached in the outer surface of the microscope slide which supports a 
sample, and heating in which the temperature control from 27**C to 55**C of a medium is possible was 
able to be performed. 

[0092] By recording the diffraction strength of one beam in a beam as a function of a sample angle, the 
bragg angle of 13 recorded holograms was measured at different temperature. A gap (gap from an original 
record location) of the bragg angle in different temperature of eight pieces is shown in drawing 8 . 
[0093] A gap of the bragg angle by temperature is smaller than it in the case of the conventional optical 
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polymer system of the thin layer inserted between two rigid glass substrates a single figure (for example, 
please refer to the above-mentioned reference (L.Dhar et al., "Temperature-induced changes in 
photopolymer volume holograms")). Drawing 9 (A) expresses the same data as drawing 8 with a different 
scale about deltathetas. 

[0094] Drawing 9 (B) shows the dependency to the temperature of a gap of the bragg angle measured in the 
conventional polymer medium which is stated to the above-mentioned reference (L.Dhar et al., 
"Temperature-induced changesin photopolymer volume holograms") with the same scale as drawing 9 (A). 
By the medium of this invention, a far big working area will be obtained about temperature rather than the 
conventional polymer medium. 

[0095] Although the above explanation can consider the various modifications of this invention about the 
example of this invention if it is this contractor of this technical field, each of they is included by the 
technical range of this invention. In addition, the reference number indicated to the claim is for an easy 
understanding of invention, and should not be interpreted as restricting the technical range. 
[0096] 

[Effect of the Invention] As stated above, according to this invention, unlike the medium of a Prior art, 
Bragg detuning produced at the time of hologram formation and Bragg detuning by temperature fluctuation 
can carry out multiplex formation of the outstanding hologram of a property also with light scattering it is 
small and low which originates a noise. Furthermore, the solvent processing following information writing 
is not needed, either. The improved record medium which has the above features is obtained. And an 
improvement of the life in the recording surface of the recorded hologram, an improvement of the fidelity of 
read-out, and the improvement of an optical element device like beam ****** are obtained. 
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♦ NOTICES * 

JPO and NCZPI are not responsible for .any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 9] 
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im^ 1 ] (a) mMmmt^nrcmn^m-r^m^ 

vhy (14) CD. mUtirc 

4 ] iffiv h ij >y ^ x©^® < 

tfe6. 4 5 1 6 cm* •^feSCiJ&'Ifai-rSB!:** 
1 ©ya-fex, 

X. 

X. 

:/a-tx„ 

il*3®7iO:/n-bx. 

Xo 

[W*^ 1 2 ] Ms^sxx ym^y^ y y 

■bX, 

ft^ h y i'XTfeoT, WEv h y y i'X<Dt(ilBaB?L 
fiK«ti.SH!l13t^by-;'i^X:*^e,*»>, WEvhy-yif 



(2) 1tBi2 0 0 0-l 72 154 

2 

* (1 4) . 

m^m 1 4] ttjiB^ h y ^ d^x*v *?j i o~*?j5 o 

^%3^Dy^A*jgfig-rsfci&»i:S3gfiis^fiii-r^3tx 

vd^fcioTfT^nsct^si^afc-rstt^ai 5©« 
tia*s 1 7 ] toia^ h y ^ ;^6<Kiia3eBai*oia« 

[Hl*^ 1 8 ] I3IB^ hV'yi7 Xfl9SS<oaffl*^'>* 
<tt>6. 4 5 1 6cm* TfeSCfc^Wat-rSSI* 
«1 3<D««ft^ 

20 CB*3S 1 9] fJE-^ h y -y d'X*^i!?*< 1 1> 2 0 0 

i»mojP«%*r-r«c:fc*i#afc-r«f»*3Si 309« 
pni©»**#-rsck^«fafc-rsis*i@i 9©jK 

im^m 2 13 < i: 1 ■3cD)tfi-&nrftg«:figi)-An 

sPy •:^-y=f-^-' e^T" 

ra«S2 4] m^f^m^fs^mMi. v (x^uv 

y a— ;!/) • x^;l/ • X— • 7^ y U— h • ty-r 

Cffi*«2 5] ^^wt^m^. 
40 (B) ^■n?^tiMiavhy«y^x®mio^&t;^2 

[000 1] 

50 m^xmm^m^. i^\^<i.t^y h )\^^-5u.t\fi-iMi 
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3 

[0 0 0 2] 

ZWbtomS^l (array) ^ffiiSL^ *ny-77-<— S/X 

[0 0 0 3] ^ny^^-f— 2/X7^Afc-:3t/->Tl±iSI{ 
(D. Psaltis et al., 'HolographicHemories. ' Scient 
ific American, November 1995) (cMnS^tcM'^^tX 

^oif'^y^—X. tin»i:ov>T»±3l4aitilF (U.S. Pat 
ent No. 5. 719. 691 issued February 17. 1998) (cM^ 

[0 0 0 4] milt. ^U'^^y^—yxTix i ocDS 

iBfiimi 4. Rt;-lri/1M 6:&*f5. ^SI^Hl 2 
tts ■7'-3'*it^Wk:2?*t7ct?SE^-tf*S^e*c,H© 

[0 0 0 5] c:©J:-5»j:UT. fi9tf-A2 0*^-r— 

A*#Mtr-A2 2 tTg^^-a-sc4:fc<t»?. 

^1 4±XtirtgiJ®{Hm»i:fB«5n5. C<DT^»c<t^ 
[0 00 6] ffiaO:J^ai^'^7>f-» (J^U^^^A) * 

1 ^smtcset- iifitf/xaascwjMn^^^A^- 
— AfcJ:So «#lf-A2 Oti— Iftlc. 4rt-l?# 
Mlf-A2 2i:3SX-r5t9»cUvX3 0*a31-r5o C 
®3!XOt9te:#fiH«f-A2 2*'U'VX3 2*3lia-rsj: 

[0 0 0 7] T'-^'A'igtt:! 4 rttCfBtt^tlS i:. CC!) 
T'-^fli, •r-^'Offimfc#.^lf-A2 2*^|^»:Je,n 



(3) ^tgg 2000-1 721 54 

[0 0 0 8] nmrnfEtiTcr-^iiuiyxs 4:^mm 

5, 

[0 0 0 9] C©J;3«:*oy^AIB«->X7^A<DS6:*; 

«SffiBT» 0 . <(lJ/'cm2) ffiSf^3>' 

h^Xh (m<it) m«S9fi< (An*%l 0-«) . 

[0 0 10] cnk:ot,^Tl±^J^ttfS:fi< (Selected Pap 
era on Holographic Recording. H. J. Bjelkagen, ed. , 
20 SPIE Press. Vol. MS 130 (1996)) %#8a«*Xfcl/-«o 

— #JS ()t}SS (photoactive) ^yv— ) St;)tfi-& 
gaS&SiJ (photolnitiator) (S^t^tctyv— ©fiB"* 
ti^i^^S) ^mr^mmS^ (photolmageable syste 

[0 0 1 1 ] mn^titc^{c^t,>rmsm\cAi:&m)t 

[0 0 12] — SSIC. ie^3^t±^n*>e,:7^-y K4^iT 

®M*:SIBi^k:-r)V^Tt±XS? ("Organic Photochemical 
Refractive Index Image Recording Systems' in 'Adv 
40 anced in Photochemistry." Vol. 12. John Wiley &Son 

s (1980)) *#fiaS*xfcV^) , 
[0 0 13] C03aS<D±g«*;ni/^:7-f— >X-rA 

li, Ti^y U— h • XX 7^;!/ (aery I ate esters) <0J; 

■5ftaSBS (free-radical) )t?Stt^^./v— fiDJta-^ 
(photopolymerization) lcScJt->Tl''So M^tf^RS 

ItflFtijeg (U.S. patent application serial no. 08/69 

8.142) *#Hg$nfc(f^. 

[0 0 14] ctii=><Dift^v^-Mt:^mtSimmi^m^ 



-3- 



s 

0 0~*f)3 00ppm/* C) . CtL^O^^$^itiiA^ 

C 0 0 1 5 ] (^SftT^U 5««:W4Si;S© 1 o 
t±. (Bragg detuning) cni±¥ffijS 

coo 1 63 cne.flD>m^fl:«J£B8-rsfc«>oa*o 

tomS!i)'^nt>nX^rc, MitJf^H'RPlf (U.S. patents 
Nos. 4.842.968 and 4.187.111) RXm<0:Scm^m 

CO 0 1 73 CXWi^ ■■ V. I. Sukhanov et al. , "SolHi 
el Porous Glass as Holographic Uedium.' [Journal o 
f Sol-tel Science and Technology], Vol. 8, 1111 (1 
997): S. A. Kuchinskii, Principles of hologram for 
nation in capi I iary composites. ' [Opt. Spectres 
c]. Vol. 72. No. 3, 383 (1993): S.A. Kuchinskii. 

"The Principles of Hologram Formation in Capillar 
y Composites, ' [Laser Physics], Vol. 3, No. 6, 111 
4 (1993): ) 

CO 0 1 83 (W : V. I. Sukhanov. 'Hetero 

geneous recording media. ' [Three-Dimensional Holog 
raphy: Science, Culture, Education], SPIE Vol. 123 
8, 226 (1989): V. I. Sukhanov, 'Porous glass as a s 
torage tnediim. ' [Optica App I icata]. Vol. XXIV, No. 

1-2. 13 (1994): and J.E Ludnan et al., 'Very thi 
ck holographic nonspatial filtering of laser beam 
s.' [Opt. Eng.], Vol.36, No. 6. 1700 (1997)) 

COO 1 93 W^ltfJKBIfiF (U.S. Patent No. 4.842. 

968) tftt. m^:»'^:f^^hV'yi7:^ti^t^m^'picmt 
[0 0 2 03 miib<omt7.y--y:/i)\ C<Di:^^. Vt 



(4) j^gl2 0 0 0- 1 7 2 1 5 4 

6 

coo 2 13 5!f^>^ThU-y^>:^t?l±S$Ut^H!Ht&lf 
(U.S. Patent No. 4,842,968) C©J;-5&vh 
Co 0 2 23 m«:Wtctt, M*^mLpIli**Di^^A«: 

»5fc*k:, s)t^ic. mm^mr^^rcm.mtii{t^iaM^ 

CO 0 2 33 MtX. «?L?!f-7X-ThU-yi'Xk:ov^r 

20 ^rSV-T^T^fet). ^fi*a^-7A (multiple hologra 
ms) *E»-r5orfiiit»!:ov>T^bTCft*»-3fc. m 

CO O 2 43 
CO 0 2 53 

m^miL-^hVy>7. (©«•) *^5i»aiBS«{** 

coo 2 63 ias^*^e.fcrce.«*xs:/^-yi^pfe 

CO 0 2 7 3 iaxx. mmsk^ts^ h V -y 
50 X7^-yy»c:fel/>T*Hi:S7tSta3bm-'o L^tiSt 
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[0 0 2 8] iSi, rsHtj tli. ^-OSBJLrtfci^^a^^ 

wrsvhu -yi^xftv 2 5* *ja<oite«iHisf«^« 

m^OZf^yif-flX^MM. (absolute Bragg shift) 

tct^mTo -rnoff-siiti. ^t-'j^ay^i* (@*f^ 
*o. 0 1 ^^e®«f*»cssL. i^^j^tca 

CO 0 2 9] c:<offc7re®:r^-;'^-rn<oSfSi|K:ffl<,>6 
nfcSISiW^fiKtt. 38:®? (L Oharet al.. 'Temperatur 
e-induced changes in photopolymer volume hologram 
s. '[Applied Physics Letters]. Vol. 73. No. 10, 133 
7 (1998)) fc:fB«*nTl>S. lHlST«^«^fttt (9 

o-«) T^gstis, i^i, 0<Dmma±mscM a. Oh 

ar et al.) JcEJ^OSgti^DTfeS. 

CO 0 3 0] rpiittj ttjgji:, 2 5* mm<otmmfm 

Sftfc^ 3 zr^ -y i^n^m(omMm'^ o. o o e • /• 

coo 3 1] rffii,>)fcaaj i:»±. *D^^AJgfiKJcM 

V^?.tlSJ6M<35. 9 0" mSGSMOU-^V—it (R 

9o<i.f) X 1 o-»*»t?*sct*S-ro rw 
y-it (Rth.t.) J S!*SE»I©SM-e. 

*ffi»«»cJ:-pT^iaf0 (theta) <075riRllcfiSta 

Co 0 3 2] <liOSS»cc>l/->Tt±^:il? (M. Kerker. [Th 
e Scattering of Light and OtherElectromagnetic Rad 
iation]. Academic Press. 1969, 38) K^&ifi^^^ 
WJ— J± (Rayleigh ratio) li—mc, KSJWWV 

C003 3] -VhiJ yi^T^imi^X. mi 0~*«I50«: 

ffl/^-- b>h«D*gsg)^$n/£ (x{iM)Sft*t«<o) 

X. is^Zf-r h U -y ^XtDP;? t±. -^hV -y 
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[00 3 4] VhU -y^XiO^BCDffia CtUti^, ± 
ffiXttTS<DBaD ttSLTs '>*<i:t.6. 4 5 16 

c m» (1 >^) T?x ^ h y y X«PPS tt— » 
fc, ^!^:fe< i: 2 0 0 /X ;i-7'i'3 V (ffiS<D^ 
m tUr. i!>4< 50 0 /imT'feS, 

[0 0 3 5] i^gii^ti, 1 -^iajKom-^^m^^^. m 
^tfjtgtt^y V— x{±* y :Jv-*dd5)i, ens <D« 

M (diffusion agents) X»±ftS<Oigin:i- U d'v— ^l,->t± 

Co 0 3 6] Slffl[«|k:43lr->Tt4. H!l«OW?L 

i'y *^^X<D^ h y -y i'Xjb^fflV'enx F y <y 

i'Xfc^snsi^iai^ti. d^y (x^uvi^y^— ;i/) 

• y W h • :ty =fv— (polyCethylenglycoO 
diacrylate oligomer) BcXfi^ • 
;!/) • x^;l/ • X— f-;l/ . Ti^ V ]y— h • ^yr— (di 
20 (ethyleneglycol) ethyl ether acrylate monomor) % 

[00 3 7] C<D^ i^»3S«r-g-tfVhy >y^X*^ 

*tiT (precured) > *y df-r— &tf/Xtt*x'v— O 

y'yv^^' (7^-y K)fek:j:5$«fti!is) j&^fr^nSo 

30 [0 0 3 8] ctw, ^i^oif'yixitmmxm^si-ric 

:r^'y^'«iit,tfK)^L*»*&n 

[00 3 9] ufe*^oT. *5sa»cj:D. mm^^-^ts 

* Hr>it«;&^-r J; d ft, & AS tiTzmmnmim s n 
s. 

[0 0 4 0] 

■#0 ^m*#tf iBeL*W-r SHOttWJLv h y -y X*^ 6 ft 

cr</hsftL^7Hci§^-r. mtf. isfcsMJbTss 

<:r</jNSftfflt7)i''^;i/T.L*^fti'>. X, iS^l^^tf^ 
h y >y ^ X *o y^AJgfiKtOSt/jgfig^Mtf tc c ti 
»i:^< ^iBX-T' -y yic43V»T**S)ttia*^®j,N©t?:S^ 

so [00 4 1] vhy>y^Xl±«lLT, $tJl 0~*«J50«^ 
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So aB?L*<ffiSS*l4nTV>« C k t * -3 ^ h U -y 

aBLOIf-fX. 43*t;vhy .yi^XOJPStt. 
. y -y XtJfi&tftefiSSk: J: D **Sk:iE it S c t S^rTH 

Co 0 4 2] V M; •yi'XO^ffiOffia CTft^s^, ± 
SXliTffi®Ba) »±8lbT. ^!>*<tfe6. 4516 
c m» -e. V h -y i'XiDjP^a— liftjc. ^t^^S: < 1 1 2 
0 0 /im, 3i-:r->3 VtLT. ^!>*<fct>50 0f»in1? 

[0 0 4 3] — laic. V h U -y i>'X«W?L:«r^XT-fe 
S. *5KlJciiLfcW?L:«f^X*^iPS69»cSS« (T. Elm 
er, 'Porous and Reconstructed Glasses,' [Et%ineere 
d Materials Handbook. Vol. 4: Ceramics and Glasse 
s], ASM International. 427, 1992) ICj^'^e.nTV 
h ij 'y ^7.i$iWO 1 Oti. n— -V^tt 

(Corning Glass) *»SA^T*S:ff^:^ (iSSS : 
-fa-;!/ (Vycor) ) -Cd&S. Mtf=t?Ltt. HOtt. RCf 

C0044]^M) 'y ^^X^SffiJcovra^reDSffiip 

[0 0 4 5] =tt\.fs>^. ■=? h'J -y i'J^cDSStTk^hb^SI 
SCfc^EltrS/'cJ&t. ->U U— 5^3 VieUl (sllyla 
t i on) * if J: t? . h U -y tJ' X*J«£0«S*iK7k1tk: 
■rSCijb^-e^S (#f!S AKW : E. p. Plueddemann, [S 
iiane Coupling Agents], Plenum Press (1991)) « ^ 

CO 0 4 6] iK^l^li. 1 OJX±<0)tS-&Rllg:*J5R^J-. 

©ftfi. )tfi^tesij. fittJUBtaiJxtiiftfOiiio^ydrv 

[0 0 4 7] ^m^^misim.%int. it-u^^i.im^ 
5, 

[0 0 4 8] jfifBSKiS (free-radical reaction) >c 

oaSteli, 7i'yU-h> ;>«^»i'yu— h Onethacry 
late) , X^l^V. B^X^UV. \^—A^i-yit\yiy^ 



(6) #132 0 0 0- 1 7 2 1 5 4 

70 

cntfB&^V-', ^I'T— h Onaleate) t.\£—}V' 3L 

(pair system) feSLTlf''5o 
[00 4 9] CtD)l6fi-&Plig*fiK^)-l±. r^VV—hm 
(aery late-based) J&CTWfiJt?* D . d?yx— t^/V^ 
S$^«^ (backbone) fr^Ciit>m^K&^, C(Di: 
•5*Ti'y ^— hlS<0«i}-CD2O®Mi:L.T. d?y (X 
'^Ul/ifV n—M ' i^Ti/V U—h-:tV rf-r— (po 
10 ly(ethyleneglyool) diaerylate ol igomer) RXfi^ (x 
^ l^V . ^y 3— ;V) • x^;V • X— x;V • 7 y U— 
h • (di (ethyleneglycol) ethyl ether acryl 

ate monomer) if^^o 

[0 0 5 0] c©*y:Jv— t*y-r-t<DS^%^€r 
ts<Da5s:a<yx-x;KDSiffig^j'tcj:oTffiv^Tf i)m 

20 So sfti<^>ittt%*-rsfis©3i-y=rT-Rtf*yv— fe 
[00 5 1] jtjglStyT-cin^T. iK^JSti— gate 

ticta^b. —mc. f^m%<omm^mmic\^ro. i~ 

iO tl5o 

[0 0 5 2] COS«^i^50aii«fc»J5tlr&JR«nT 

—^(4 5 8, 4 8 8, 5 1 4 nm) RtfH e-C d 
— y (4 4 2 nm) ©WfeJfeRtfiSfeJt, ^ig»2ii<S 
YAGU— »f (5 3 2nni) <omc&3Ki. ^tftcHe-N 
eU— *f (6 3 3nm) StfK r* W 1f (6 4 7RU 
6 7 6nm) 0*fe3tk:SU5 fc<0*UV\ 

40 [0053] m^<o^m^mtihmxmm^ ^<dco\-o 

t±. ex (7J-5-2. 4-'>i' h'^Vi'S^XV-l - 

«) trx [2-6-s^7;i/:i-a-3- (iH-eo-i 
— ffi) 7x.— ^^fi' (bis(i)-5-2,4-cyclopentadie 
n-1-yl)bls[2.6-difluoro-3-(lH-pyrro-1-yl)phenyl]ti 
tanium) "Z?, f-z'^^t (Ciba Specialty Chemicals) tt'^ 
C G I - 7 8 4 ^D^f5;■^?rf^|g^nTV^So 
COO 5 4] S¥^7f<^K-f— ^ (dye-hydrogen donor s 
ystems) <omm ' ^-&eiiSSiJ«>^ffiRTgg-T?%So 
•rSSm<=Dfi«Jfc bTt±. x:ti'V (eosin) . n—X^ 
SO 'yiJA/ (rose bengal) ^ xyxai^v (erythrosin 



(7) 

11 

e) . &tf^^U'>:r7l/- (methylene blue) tt^^K). 

TS.-y Cn-methyl diethanol amine) fl!)«t3*M3»T 
5V (tertiary amine) *^S5c, 

[0 0 5 53 ^(omm. m{ftt*i65iisw-'Xt±<gt^® 

S. 

[0 0 5 6] 2^^ff(ci£^2jifii-k:st5mir^ sseffl 

{Sd 1 te^f . 20 

[0 0 5 7] mm^^-r V y -j^7.oym^n^m^<D^ 

t>rc -o Ti^— *tt?^T-ff 3 C i: *^«fiJ-J?S 5o MKWfc 

[0 0 5 8] mi^m\c\.t. a-&*'iR3^^#^:rcii), jts 
5R^ftv''T*>e., ^ h y -y ^7.^i!:^Km^-r\cm.f^ 
[005 9] —mc. iK^is^-^t?^ h y ^'xa 2 

[0 0 6 0] <l0J:-5*SMk::tei,-'T(i, M^co^^J 

T y v^iDjgSTjJJS^PS^fT ^ c i: So C 
<fc-5*#at±, ^J^tf^KBtfSFaifia (U.S. patent appi 50 



2000-172154 

12 

ication serial no. 08/867.563) k:3^'^?)tlTV''5, 

[006 1] >t LT. m»%<o^-^pjm^ 

*3nSo ©I^tf. 3 : 2<omMit-Q2'D<D^m.-^^m^ 
^J-r**3^, :j«y (xf-ix^^yya— ;i/) -jtyrJv— 
• v'T'i' y hatf (X-f- . y y 3— ;W . X 
• X— 7^;V . i; . ^r— ;&-g-tyi^|jJ5S 

(•r*te-6s-&) •rsj:^*tJ^a.7'y vy«ia««-« 
tcfffcnso 

[0 0 6 2] e:©J:a«:W4^3.y'y>'i^iia3ati. SiJfe© 
[0 0 6 3] :^^(Ommi. ^m?. t3»c3S'^;fc->X 

ci:«rlci*fS) o 

[0 0 6 4] *5IWfcS-:J<*air^A{±. s^a^^^i:. 

JK*r^*^feS (#»SS:SKM : L Solymar and D. Cook 
e, [Volume Holography and Vol urn Gratings], Academ 
ic Press. 315-327 (1981)) , 
[0 0 6 5] \i—L.y^)V^\,t. ?.M\y—'^\l—Ka^— 

=7 «y ^rmmic <fc d . ^ts<o -5 jt^jis^e^tc 

JC;r>Dii'^AF«3;&iiff-r5 (#M3ti<M : J. E. Luctaan 
at al.. 'Very thick holographic nonspatial filteri 
ng of laser beams. '[Optical Engineering], Vol. 36, 
No. 6. 1700 (1997)) » 

[00 6 6] tf-AiSlPliitt. r■7•J'^?^^TAI^■r5)fc 
*y-X*^&^r-y-y h'^lft-rse-AOII^gflDffi* 
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[0 0 6 7] JMTx 2f>:5lflg«rllS?t?!lk:J:oTMfc^-r 
S. 

[0 0 6 8] \ytWLnMimt^mm 

(Mm\) ^--^ytt (Corning Glass) i)^^. m 
^ffi'm&mSi'y—V (PI-VP6-91) »CE«0:/o-feXT 

3— ;KVycor) 7930) ^SrA^bfc. cne.<0'9- 

»±, iPSitgl cm. ,5 cm®ra^TaB-3 

4 OA. aB?L-9-'<'X$>?&±3 A. -eUTiKja 0%<OtiS 

L0 0 6 9] 1?->y;Wc«iu:3^-rJ;^«:. /Wn— 
[%i] 

(4 8 8 nmtCT) 



(8) #112 0 0 0-1 72 1 54 

* ©ssf ^ 1 . 4 5 8 <'js*f wr s 7 o©a* s 

iSf^Jb^JEWSn/fc ChffiXM (T. Elmer. "Porous and 
Reconstructed Glasses') #88) . •^Z/f)V\cWif'^^ 

?L««»cS^*:V^CJ:*^jeS^*>e,T£5) o 
CO 0 7 0] fStailglffl®)tlit±. Ai«:^ 1 0mW«0 
iO Z^l/rfV'T^VU— If (A = 4 8 8 nm) Tfeolfeo tit 

»6^*^5|-rS^7t*K5<fcJ6lc. 4 8 8nin:7-<;l/^i*^ 

h;l/XVflD WJ— It. 18. 4 X 1 0-« cin-i*ffiV» 
20 [007 1] 



WU-Jt 
(cm-0 



3ta)^<Di^ 



7k 


1.338 


Z43E-03 


3. 60E-05 




1.403 


4.11E-04 


6.08E-06 




1.429 


9. 29E-05 


1.37E-06 




1.464 


1.43EH04 


2. 12E-06 




1.499 


6.61E-04 


9. 78E-06 




1.573 


2.50E-03 


3. 70E-05 




1.669 


8. 56EH)3 


1.27E-04 






1.84E-05 


2. 72E-07 
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R = Ro(nvycor - nilquid)^ -h Rb 

CCk:. nvycor t±>^^-Yz3— ;l/ (Vycor) (Om^^\citi 

[0 0 7 3] cne>o/^^;>«-^»»i:5^-rsg^^ffl 

»i, n»y«or = 1 . 4 3 7s Ro =0. 1 7 9^ ^VX 

Rb =5. 4X1 0-s T^5o 02 CtlSO/l-^ 

CO 0 7 4] [sJ^O^^^-f-flDSiW] 
{(^md)mm%\.t. 7;l'FU >y^*t (Aldrich) *>6 

• • X— • y U— h • V— 4;;& 

:i-ydrv- :q&yT-«DafiJt3 : 2T»$*. MJc^-'^ 

G I - 7 8 4) ms.%^ii^tc. zL<of^mk\t. -a- 

fJSi^&S. (shea rate) 1 OO^S^ (reciprocal sec 
ends) RXfZ 5* Ck:fel,->ro. 1 7 P (±1 0%) O 

[0 0 7 5] ((■9-vy;l/!pe))W?L:tf^;^t±. n-^V' 
(Corning Glass) *>6A^Lfcj!f^X (ffiS« : 
/^^'3-7KVycor) 7930) T?, iq^tfiSBILitS4 0 A. ffi 
?Li?-i'X^?5± 3 A> *UTiH)3 0%fll3«SS!K*f?Ltt 
SWLTV^ft (fi:«Sfc«^<) . i:n^c!)3!r^X->- 
ht±-9--l'X*n 0. IScmXlO. 16cmX0. 1 
5 8 7 5 cm (4" X4" X 1/1 6" ) T?, IBRL^OX 

•yf-:/9<r>w^mm-s^t\mmt£t\ii. (±eAS« (t. Eim 

er. 'Porous and Reconstructed Glasses') #jS) o 
[0 0 7 6] :^f^X->-htt*«Il. 0 1 6cm (0. 

[0 0 7 7] C:n?.<DJim4^n*^^. 5 30nmJ;0 

fe«t''*8a<oissi?*«ji omw/cm^ T^t^eiM-rs 

J: -5 »C7 ^ ^I/^f^aS* tifczWfiCTlc * 5S)t-e, 7 0 % 
fc) . 

[0 0 7 8] ((*ui^'77-<-{cJ:5IBS))E^ffl(D)fe 
aStt. ^'"'r:t-KB6e»CJ:5^jfia<&JtNd : YAGI^ 
-- »fT5 3 2 nm<D)t*^^enSt.©-pSr3fc. CCD)t 

ti. ^ra6gu:7-<';i/^'j!as5n3y><— h (Vffft) 

2 fflor- AK»i:#&fi«&t/ffi)felf-A»SiJgfc J: ^ 



(9) ^#132 0 0 0-1 72 1 5 4 

T^^sj^tifc, ^j'Sj^nrccne.oe— jLtiiBSsffii: 4 

4* ©fta[-p35EXb;fe (-tJ-^'y^WS) , Tt^u^^L. 
coo 7 9] *;n^^AiDieg^^> •9-v:/;l'{±. ^Sf 

s*sis®afigi^ (^a-^pTig^i^) ^mm^-^^rcJt 

»Cx 5 30nm<J:»3tgt^ffi^g-pjt«:e2lt-S<t^lc:7 

(iHrtgOlSPSfe^fcOOlHrtE^ltiO. O 

0 3* X^-oTc) . 

[0 0 8 0] *oy^A<DIsiSfJlft^ttx liI*f«n;rc)tcD 

[008 1] (SIS^«»J2) ir-Ci-^'y if l^vs^^H-aUf 
5;feJ&k:, •y-v>»';l^-2 5* *>5 2 5* 
2* '^)^llSraPiS4:%fflt^T2 6<B©*ny^A*'^a#^ 

S4a5 (fB®r-Ara©^lfiWPH«^^'l'T?ff31i[LT4 

4* -efeo/fc) , C:n?.2 6^@«3D:t^a^^'^A£0|HJ^fSft* 

(^fiSr|^^5(^) ;gr03 (A) fcg^-T. 
[0 0 8 2] BI3 (B) k:t±. t^-vy^l/^ll* -effiSb 
tcy^'yif\^—ir (Bragg peal() Koge 

1 n i V.<Oti'yy)VW.^i (H. Kogelnik. "Couple Wav 
e Theory for Thick Hologram Gratings,' [The Bell S 
yston Technical Journal], Vol. 48, No. 9. 2909 (196 
9)) ^fflV-fccnST^— if'NOg^^fitfcOitJtl? 

30 mt'o 

[0 0 8 3] Ctl&7*-i»te-PV>T, ±CS*«0^ (4 

3) icj;»3, iL(r)mn<oma<omm^. ihst-afj® 
w&wtm\i^xi»^vci^^nt>tiito f—^^stsm^ 

[0084] |gg#iR<0^'"'i':^5 ElSfJft 

ix<^iHisfj$(i*<D¥73«<oia) *^ mm cm sjt^rao 

[0085] (Mm 3 ) MlfrO^^sm^Stt^ffiBJ 

t,. mx^^i3^o. 1 %*}S) *^ ■y->:/;i/^-2 8* 
[0 0 8 6] ^g!^t^fcd-^a^^A^co^,•>T£D•r^^^±iR 

50 •r*t>-5ffajejg<3D^iissHrtT*»3. 
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ttt Lx. 0. 1 %<om^t^mit. 9 X 1 o-*<o±im 
[0 0 8 7] (.mmmA-) c(ommm<Dmfii^mmt^ 

fcJ&k:. 2{HO. JSSl. lmm<OiJ^7.i^—h1}K %/ 
- Y ©¥ff «Rtf/X«MBIO^{tk:iS«FbTiaSprt6 lo 

nfc. Lfc^ h U «y C ti & h 

[0 0 8 8] Jt^JStis *»e!l2Rtf3-^ffll/"«enfcfe 

[0 0 8 9] (a) )t*ffijl:-rSB^«)®«**4>i:-r 
S^SiJ-^Sfc, (b) Jt«rjijii«-a-SBm^(1'i>i:-r« 

[0090] (HKea 5 ) :i?.^<ommt.^-znm% 

Wi^^M-t^taitlZ.^ O. 07 6 2mm (0. 0 0 
3" ) y-S^flDSSSaJW^fJ^aTUvyiaSOBI, -^h 

[0 0 9 1] 1 3{1©. pl/^^O^^A (-r**?^. lei 40 

«fJ»^*^o. oi%*j») '^i/zTfl/n-zo' 
^e-rsms^soa^^j-^rtBMs-a-s^iftfc, 5 3 o n 

[0 0 9 2] tr— A<0'9^iDl-3©e— A«D|HlSf^^^: 50 
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[0093] iSfifci 5 >v ^ft cO-rtlt±. 2 ftcOHO 

X^A©«^flD^-n<tt)t>l*R/jNSV> (mtf, ilBO 
5:®? (L Dhar et al., 'Tanperature-induced changes 
in photopolymer volume holograms,') 
V) . B9 (A) tt, 08J:igCx-^»«r, A8s»cii 

[0 0 9 4] 09 (B) ±IB«»:3:M a. Dhar et a 
I., "Temperature-induced changes in photopolymer vo 
lume holograms.') fcJS'<&nTV>S±'5a:t^<D*y 

^(O^^^s H9 (A) ij^CRST^fo 

[0 0 9 5] &L±(ommi.±. :^^<Dmsm\cm-r^i> 

[00 9 6] 

Stfl£-ASIiiailO<k3ft)tel^lg«S©*#*<» 

ens, 

[Bison^^Ki^] 

[01] *oy^7-<— fB1t->X7^AO»2MI^S^% 

[02] rtgp^«?nfc#?L«iSOJt^S§L'^14»c^LT 

[H3] (A) Rt? (B) *>6«:t), ^-n^ti. 
»c<t»jfBfit«n:fe^fi*ai^-7A<0lBiSf«6*t0^imc^t 
•r53tS^^t&&c;c©J;'5*4^oy^A<D 1 o»c-:?V>T 

[04] *^£o-«f*©M#*^as)tf^ra («B3fe 

[05] *^lca-^^fBSSnfc^«^-ayvA©^^ 

[06] :^^(o—m»^ift\^rm»t^titz'r~itm*i 
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[0 7] *^0-jgi*;g::rM.Tie^;^nfc7^-^?ffiyiJ 

[09] (A) Stf (B) (A) 

^fJg:. S*5RaT*^Lfcili0T*t). (B) itm^O 
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